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I. Introduction

The generalobjectiveof this projectis to advanceour theoreticalunderstandingof Io's

atmosphereby studyinghow variousatomicandmolecularspeciesarelost from this atmosphere
andare distributednearthe satelliteand in the circumplanetaryenvironmentof Jupiter. The

projectis divided into well-definedstudiesdescribedfor the likely dominantatmosphericgases

involving speciesof the SO2family (SO2,SO, 02, O, S) and for the traceatmosphericgas

atomicsodium. Therelativeabundanceof themembersof theSO2family andNa(andits parent
NaX) at thesatelliteexobaseandtheir relativespatialdensitiesbeyondin theextendedcoronaof

Io arenot well known but will dependupona numberof factorsincluding theupwardtransport
rateof gasesfrom below, thevelocity distributionandcorrespondingescaperateof gasesat the

exobase,andtheoperativemagnetospheric/solar-photondrivenchemistryfor thedifferentgases.
Thisquestionof relativeabundancewill bestudiedin thisproject.

In order to addressthis question,we will undertaketheoreticalmodelingstudiesfor the
distribution and time variability of theseexosphericgasesin Io's corona/extendedcloudsand

thereby evaluate the importance of various physical processesthat shapetheir relative
abundancesand escaperates. Our primary objective will be to study near-Io emission

observations for O, S, and Na, most of which have already been acquired and some of which are

scheduled to be acquired in 1996-1997 as part of the larger coordinated International Jupiter

Watch Observational Campaign to support the Galileo mission. A secondary_ objective will be to

continue the study of various larger-spatial-scale groundbased sodium and spacecraft (Voyager

and Galileo) SO2 + observations in order to address related issues and to lay the groundwork for

larger-spatial-scale O and S observations likely to be obtained in the near future. The proposed

studies are of scientific importance in understanding (1) the atmosphere of the satellite, (2) the

interactions of the magnetospheric plasma and the atmosphere, (3) the nature and composition of

the heavy ion sources for the plasma torus, (4) the impact of these gases on the larger

magnetosphere, and (5) the spatial distribution of these gases in the magnetosphere and beyond
in the larger solar wind environment.

Near-Io observations for this project will be made available in four collaborative efforts
established with

(1) F. Scherb of the University of Wisconsin-Madison who from groundbased facilities in

1990-1996 very successfully obtained synoptic observations of [O I] 6300 ]k emission

near Io and in 1996-1998 will continue these synoptic observations, search for [O I] 5577
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]k emission, and add a new Fabry-Perot program element using the new WIYN telescope

at Kitt Peak to obtain very-high spatial resolution images near Io in the [O I] 6300 A and

Na 5890 ._ emission lines,

(2) G. E. Ballester of the University of Michigan who with HST has acquired cycle IV

and will be acquiring cycle V observations for O and S near Io in various UV emission

lines,

(3) L. M. Trafton of the University of Texas who has obtained in 1984-1989, and in his

ongoing program in 1995 and 1996, groundbased observations for the north-south spatial

distribution and spectral line shape of sodium (5890 A, 5896 ,_) emissions near Io, and

(4) N. M. Schneider of the University of Colorado-Boulder who obtained in 1987 from

groundbased facilities an extensive set of observations for the east-west spatial

distribution and spectral line shape of sodium emissions near Io, which exactly overlap

the October 1987 observations of Trafton.

These near-Io emissions exhibit time variability with Io System III longitude and Io east-west

location. The general three year plan of research for these studies is outlined in Table 1. Work

scheduled for the first half of the first project year has been largely redistributed to the second

half of the first project year in order to complete in a timely fashion a major research effort in our

NASA sponsored Galileo Mission project which will be ending later in 1997. The research work

performed in the first three bi-monthly periods is summarized briefly below.

II. Summary of Work Performed in the First Bi-Month Periods

Final paperwork for the project to begin was not received until well into the first bi-

monthly period and was back dated to September 23, 1997, as a start date. No research work

was performed in the first bi-month period. However, a well-received poster paper (Scherb et al.

1996) discussing the observations of [O I] 6300 .& emission near Io acquired in our ongoing

collaboration with F. Scherb of the University of Wisconsin-Madison was presented at the

Tucson AAS Division for Planetary Science meeting in October 23-26, 1996.

II. Summary of Work Performed in the Second Bi-Month Periods

Work undertaken in the second bi-monthly period was related to completing the final

publication galley proof review and to correcting one figures for the paper entitled "Io's Sodium



CoronaandSpatiallyExtendedCloud:A ConsistentFlux SpeedDistribution". This paperwas
written and submitted for publication in our prior NASA project for which this project is a
continuation. The paper(Smyth andCombi 1997)is scheduledto appearin the March 1997
issueof Icaru____s.In addition,model calculationsfor SO2gas loss from Io were includedin a

largerposterpaper(SmythandMarconi 1996)presentedatthe SanFranciscofall AGU meeting

in December15-19,1996. Thesemodelcalculationsareparticularlyimportantin understanding
the spatialdistribution of SO2+ nearIo which is expectedto be availableasparticle andfield
observationsby theGalileospacecraftbecomeavailablein thenearfuture.

III. Summary of Work Performed in the Third Bi-Month Period

Work undertaken in third bi-monthly period was directed to considering how the System

III longitude variation of the intensity of the [O I] 6300 A. emission near Io (which has one broad

peaks near 180 °) may possibly be related to the System III longitudinal asymmetry in the plasma

torus ion temperature which has one broad minimum centered at 180 °. A presentation (Smyth et

al. 1997) to discuss a possible explanation for this System III longitude asymmetry in the plasma

torus and how it may cause the System III longitude dependence in the [O I] 6300 A. emission

brightness near Io will be presented at the Boulder "Magnetospheres of the Outer Planets

Meeting" in March 17-21, 1997. The explanation of the this System III longitude asymmetry in

the plasma torus was first presented (Smyth et al. 1996) at the Tucson AAS Division for

Planetary Science meeting in October 23-26, 1996.
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Table 1

Three Year Plan of Research for Studies for the Loss of Atomic and Molecular Species from Io

Subject Year 1 Year 2 Year 3

Studies for the SO2 Family Analyze HST (cycle IV) UV
data for O and S and available
[O I] 6300/_ synoptic data for
O using the O, S, SO and SO2
cloud models; improve model
execution time, update chemistry
and refine the model description
of the plasma toms.

Analyze the HST (cycle V) UV
data for O and S; initiate analysis
of Fabry-Perot image data for
[O I] 6300 A and [O I] 5577/_

(if relevant); re-analyze Voyager
SO_ data; determine sources rates
and constraints on O, S, SO and
SO2 for the individual studies.

Complete analysis of UV and optical
data; undertake the comparative and
collective assessment of the individual

studies for O, S, Na and SO 2 to probe
the nature of the atomic and molecular

species in Io's atmosphere and their
implications for the Jupiter system.

Studies for Sodium Continue the analysis of the 1987
east-west emission data set; initiate
analysis of the same-date 1987
north-south emission data; refine

model description of the plasma
toms; re-evaluate the Na source
at Io for the directional feature.

Complete analysis of the 1987 east-west emission data set; undertake analysis
of other select years of the north-south emission data set; determine the nature
and variability of the Na source conditions and their dependence on east-west
and System III effects; analyze Fabry-Perot images for sodium and compare
with [O I] 6300/_ images; assess the importance of the electron impact
excitation and/or nonuniform gas distributions as a cause for asymmetric
brightness distributions about Io.
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